The possibilities of magnetism induced by transition-metal atoms substitution in Bi 2 Te 3 system are investigated by ab initio calculations. The calculated results indicate that a transition-metal atom substitution for a Bi atom produces magnetic moments, which are due to the spin-polarization of transition-metal 3d electrons. The values of magnetic moments are 0.92, 1.97, 2.97, 4.04, and 4.98 µ B for 4% Ti-, V-, Cr-, Mn-and Fe-doped Bi 2 Te 3 respectively. When substituting two transition-metal atoms, the characteristics of exchanging couple depend upon the distributions of the Bi atoms substituted. When two transitionmetal atoms substituting for Bi atoms locate at the sites of Bi1 and Bi5, with the distance of 11.52Å, the Bi 1.84 TM 0.16 Te 3 system is energetically most stable and exhibits ferromagnetic coupling.
I. INTRODUCTION
Recently, topological insulators with both metallic surface states and insulating bulk states have attracted enormous attention, due to their exotic physical properties and potential applications in low dissipation devices and quantum computing [1−5] , particularly after the experimental confirmation of a three-dimensional topological insulator [6] . V 2 -VI 3 compounds such as Bi 2 Te 3 and Sb 2 Te 3 , which are well-known conventional materials for thermoelectric applications [7−9] , with unique electronic structures, exhibit a Dirac-like conducting band as the bulk topological insulators.
Bi 2 Se 3 can be made into a superconductor by nonmagnetic copper intercalation in the van der Waals gaps [10, 11] . The long-range magnetic order can also form in topological insulators when doped with transition metals (TM) in the bulk [12] . The introduced magnetic order can lead to the time reversal symmetry breaking, resulting in a gap opening at the Dirac point, which is the crucial criteria for the realization of many interesting phenomena, such as quantized anomalous Hall effect [13] and topological magnetoelectric effect [14] .
Bi 2 Te 3 and related systems with dilute dopings of transition-metal atoms (V, Cr, Mn, and Fe) have been found to be ferromagnetic at low temperatures. Dyck et [17] . In addition, the experimental research also demonstrated that a systematic Mn doping can control the dynamics of spin-Dirac fermions in Bi 2 Te 3 , which results in the material potentially applications in topological device [18] . The ferromagnetic phase was also found in p-Bi 2−x Fe x Te 3 at the temperature which increases with the Fe content x increasing to 12 K (x=0.08), while hole concentration decreases, i.e., iron atoms exhibit donor properties. The easy-axis for magnetization is parallel to the C 3 crystallographic axis [19] .
The substitutional doping with transition metals plays a very important role in tuning the electronic and magnetic properties of Bi 2 Te 3 and related systems. However, the mechanisms of electronic and magnetic of TM-doped Bi 2 Te 3 are still unclear. In order to address exactly these problems, we explore the electronic and magnetic properties of bulk of Bi 2 Te 3 with transition metals doping via the first-principles density functional theory (DFT). The results demonstrate that for Bi 2 Te 3 system, magnetic moments can be induced when one Bi atom is substituted by a TM (TM=Ti, V, Cr, Mn, and Fe) atom. We also compare the energies of ferromag-netic and antiferromagnetic couplings between two TM atoms substitutions in Bi 2 Te 3 super-cell. The type of preferential magnetic coupling of system depends upon the distributions of the Bi atoms substituted.
II. COMPUTATIONAL DETAILS
The DFT calculation is performed with the planewave pseudopotential method in the Vienna ab initio simulation package (VASP) [20, 21] . The generalized gradient approximation (GGA) [22] scheme is used to describe the exchange correlation energy. The calculated lattice constants (a=4.386Å and c=30.497Å) are in good agreement with reported results [23] . We construct a 2×2×2 rhombohedral Bi 2 Te 3 periodic supercell containing 60 atoms, where a Bi atom is substituted by a TM atom (TM=Ti, V, Cr, Mn and Fe). Such substitution corresponds to Bi 1.92 TM 0.08 Te 3 and the doping level is 4%. An energy cutoff of 400 eV is used for the plane wave expansion of the electronic wave function. Special k points are generated with a 3×3×1 grid based on Monkhorst-Pack scheme. Good convergence is obtained with these parameters. The cases of pure Bi 2 Te 3 and TM atoms (TM=Ti, V, Cr, Mn and Fe) doped Bi 2 Te 3 are considered. The total energy is converged to be 1.0×10
−4 eV/atom, while the Hellman-Feynman force is smaller than 0.01 eV/Å in the optimized structure.
III. RESULTS AND DISCUSSION
Bulk Bi 2 Te 3 has a rhombohedral crystal structure with the space group D 5 3d (R3m) and with five atoms in a unit cell. A rhombohedral structure can be visualized as a layer structure and a hexagonal lattice cell. We plot this hexagonal cell in Fig.1 . In the hexagonal cell of Bi 2 Te 3 , there are five individual atomic layers in the sequence of Te-Bi-Te-Bi-Te along the trigonal axis.
The band structure of Bi 2 Te 3 and related systems has been studied extensively due to their importance as room-temperature thermoelectric materials [24−30] . The density of state (DOS) for the pure system Bi 2 Te 3 is given in Fig.2(a) . The Te5p state formed below the Fermi level with the 5s state which is around −10 eV. The Bi6p state forms above the Fermi level. The covalent bonding leads to each Bi in a 3+ state and each Te in a 2− state. In addition, the total DOS for pure Bi 2 Te 3 system also shows that no spin-polarization emerges around the Fermi energy level, indicating that the pure Bi 2 Te 3 is nonmagnetic, as there are no unpaired electrons.
Experimental evidence has shown that the transitionmetal atoms replace the larger Bi atoms within the lattice rather than Te [19, 31] In order to understand the electronic structure further, the atom-, orbital-, and spin-projected density of the TM atom (TM=Ti, V, Mn and Fe) 3d states, Te atoms 5s and 5p states and Bi atoms 6s and 6p states are calculated and presented in Fig.4 for Ti-, V-, Mn-, and Fe-doped Bi 2 Te 3 . Obviously, the TM3d DOS shows an exchange splitting between the spin-up and spin-down DOS peaks at/near the Fermi level, which results in a magnetic moment. In addition, small induced magnetic moments are also observed for the Bi and Te atoms (not shown in Fig.3 ), these induced magnetic moments are due to the small spin polarization of p-states of Te atoms and Bi atoms. While very small, the difference between the spin-up and spin-down DOS of Te atoms 5p states and Bi atoms 6p states can be found, which can be seen in Fig.2 Mn and Fe) atoms substituting for Bi atoms in the lattice. Such substitution corresponds to Bi 1.84 TM 0.16 Te 3 and the doping level is 8%. In the supercell, we investigate six distributions of the two Bi atoms, which are replaced by TM atoms. The six cases are: (i) the two TM atoms are located at the sites of Bi1 and Bi2, and the distance is 4.45Å; (ii) the two TM atoms are located at the sites of Bi1 and Bi3, and the distance is 6.56Å; (iii) the two TM atoms are located at the sites of Bi1 and Bi4, and the distance is 10.63Å; (iv) the two TM atoms are located at the sites of Bi1 and Bi5, and the distance is 11.52Å; (v) the two TM atoms are located at the sites of Bi1 and Bi6, and the distance is 14.63Å; (vi) the two TM atoms are located at the sites of Bi1 and Bi7, and the distance is 15.92Å. In order to deal with the effect of the magnetic coupling between the two isolated TM atoms, we evaluate the relative energies between ferro-and antiferromagnetically ordered states by GGA calculation. 
IV. CONCLUSION
We explore the structural, electronic and magnetic properties of 4% TM-doped (TM=Ti, V, Cr, Mn and Fe) Bi 2 Te 3 alloys via the first-principles PAW potential within DFT, employing the exchange-correlation potential provided by the GGA. The results demonstrate that, for Bi 2 Te 3 system, magnetic moments can be induced when one Bi atom is substituted by a TM atom. On the electronic structures, the analyses of total The results show that when the two TM atoms are located at the sites of Bi1 and Bi5, the system has the lowest energy and the ferromagnetic coupling is energetically more favorable than the antiferromagnetic coupling.
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